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A Comparative Study of Abstract Learning U Tt ranE

. ) : S N NATICNAL INSTITUTE GF

in Mentally Retarded and Normal Subjects FEDUCATION
' OUCED EXACTLY AS RECEIVEO FROM

THE PERSON OR ORGANIZATION ORIGIN.
- ATING IT POINTS OF VIEW OR OPINIONS

. Walter E, Lowell
’ ¥ Teachers College, Columbia UniverS:Lty . SENT OFFICIAL NATIONAL INSTITUTE OF
' ' New York, New York 10027 ~ EOUCATION POSITION OR POLICY.

INTRODUCTION -

"

Educators and psychologists have 1ong been aware of abstraction

as a significant dimension of human intelllgence. Few definitionsvof

£

intelligence are.ever presented without acknowledging the 1mportance of

,a.

the role of abstraction i, 2, 3 4]. However, while educators and .

LA .prychologists find agreement in the significance of abstraction in’

human intelligence,ufew are in agreement on a definition of abstraction
’ * e - ‘
as it relates to human 1earning. These u*sparities in. the uses of the

term abstraction have been extensively explored and reported in the

STATEO DO NOT NECESSARILY REPRE-

" tHis OOEUMENT MAS BEEN REPRO:

'l“terature elsewhere.[1] 7Yet clearly, until researchers are capable of

agreement on definition and terminoloegy, little progress can be made in’
their fielid o; inquiry. .Such is the case with abstractlon;_the definition

of:abstraction as found in the literature’is varied and lacks specificity.

> In addition, many studies subsume abstraction under a different topic,

such as discrimination learning, concept formation, or classification/

‘ /
categorization processes, therefore, any definition to be set forth must

v

consider these basic processes as instrumental.

This 'study was undertaken to construct a theoretical model of

gbstraction accountable to the variety and scope of research in this field
and, further,'to'explore the role of abstraction in human thinking. To
nodel were constructed. One . dimension on the model, the order of class-—

ification,,was evaluated using mentally retarded and normal ability'

“

° . ) 9 -
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this end, a hierarchical model of abstraction,and a test based on this o R
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subjécts. The evaluation consisted of a hierarchical-test constructed’
to ascertain'wmether human subjzcts order their ;orld in hierarchical
arrays and the rélationship of mental abilimy to this process.

Since abstractlon in general and hierarch1ca1 structures in
particularﬂhave been the'focus of much research and curricula emphasis
 in science education in the last'decade,'[S, 6, 7,'8].it is.Lopedbthat'
such ‘a model willbprovide.a.systematic:theoretical framework for further"

~

studies in this area.

Theogz . - . .
" Abstraction is considered herelaS'a cognitive process of.
discriminating specific attributes of the environment that can be com-
| ' v- :

bined to form generalized representations of ekperience. These repre-

sentations can be categories, sets of relations,for operations. The

ability to form categories or to classify experience is considered to

be the most basic of the three modes of representing experience and
fundamentallto representations which involJe sets of relations and
operations. Representations mhich_involve the formation of sets, of
relations (establisning logicai or causal connection between attributes,
objects or clasSes) are considered more complex than-categorizationl
since relztional statements can only be made subsequent to categorization.

:
-

. The ability to perform operations, changing one thing into something else,

will be defined as the most complex of the.three modes of representing

experience since before operations can be performed categories and/or

relations must be set forth. -The erganization of these three modes of
. _
representing experience as set forth here is not unique and is well’

(X.g

supported in the literature [7,91. . v

3
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These three modes of ahstractioné (1) blassification, (2) Relations,

~

: o [ ) s . :
and (3) Operations ane referred to'as Orders of abstractionhs. An Order
. N . 4 R —
of abstraction is a-cognitive mode of representing‘experience. The three

“Orders to be dealt with in this study_,.' the Order"of Classification, .the
Oraer of'Relations, and the Order of Operations, are hierarchically arranged

. as shown in Figure 1.

. : S The first Order in the hierarchical model--is the Order of Class-

ification; followed by the Order of Relations, with the Order of Operations _

-

located at the top. Within_eaéhIOrder of abstraction there\exist Leveis '
'of abstractiOns,1“ These levels of abstraction exist in each:Order and are
hierarchically arranged in increasing'generality and ‘inclusiveness. In

‘Figure 1, Levels. oT Abstraction are depicted by horizontal lines of- increasing

a
yd -

length transiting each Order. As one progresses up the‘hierarchy from
/

Jevel to level within each Order, the pOWer ofsabstraction .0T generality

v

and 1nc1usiveness of the 1nstances increases commensuratelv. An example

}

- of this progression would be the concept "mouse" subsumed by the concept
fin) .
"rqdent" subsumed by the concept mammal " The progression from a lower:
"1eve1 abstraction to a higher level abstraction, in this case mouse—rodent—' -

; 'mammal, is indicative of an increase i1 generality and 1nc1usiveness-(of

A attributes).

Levels of abstraction. will be-défined as” follows: A level is an assembly
-of things of a definite kind, e.g., a collection of systems’ characterized
. by a definite set of properties and laws, and such that'it belongs to. an
'r _evolutionary line, though not necessarily to a line of biological descent.
Some of the. emergent characteristics or"nova are the exclusive property
.of the-given level. . . For every 'movum' has presumably emerged, in -
the course- of a process, from preex1sting levels [2].°

-
a
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Py Degrees
S . of :
etc. \- Complexity
ELevel*VI_ ’
Level. V 3
' Level IV

> ' Level IIT .
> - Relationso

" Level IT ~ ‘ . e :
s .,
Level I, . R
Sense -data L -
’ Classification
i - ”~
.4" ‘ . . . ». ) _ , ) . Fj:gure l N . ,;._ .
.'_ R : . : B 4 | . . “
The three cone-shaped structures represent the Orders of Classlflcatlon, o b

Relatlons, and Operatlons, respegtively.” The horizontal lines deslgnate

the various. levels of abstraction in each Order. The levels are hierarch-
aIly—afraage&—in—ordﬂr—of—rncreastng aostraction. Oix levels are desig- -
nated for the Order of Classlzlcatlon- however, it is coénceivable more.

exist -beyond—six. These six levels are: Level T, Attribute Identifica-
tion; Leveli II, Attribute Recogn1t10n° Level III ObJect Recognition;

Level IV, Class Recognition; Level V, Class of Classes Recognltlon, one
class? Level VI, Class of Classes Recognition, two classes.

2
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It is usually the. case for one to infer identity or some»othe,

averlap, or sharing of attributes at any level of abstracti
.[’)1 W

‘Degrees.of Complexity is used : The Degree of Complexity

_as the level of abstracﬁion increases, the possibility for instances to

share attributes in* common also increases. This increase in

[
X

? complexity derives in part from the increase in generality and number 31
. - \

instances contained in superordinate categories. /This is shown in Figure 1

S

J ‘ - u
o as a broadening of\the cone upward and hence a- commensurate increase 4 (%

_/
v

" €

the length of a line at each level For exaﬁole' an alligator and a N

hippopotamus would be an example of an.instance with low complexitx‘E

- - ' )

Although both share attributes, live in or near watér, walk with four
Is . (-

legs, are found in tropical areas, etc., they are clearly ‘distinct . - ;
creatures physiologically and morphdlogically; one iswa reptile, the
'other a mammal. Another example' two prfhitive members of the horse _ ‘ .

family, thippus and Mesohippus, share almost all of the same attributes

with the exception of size —- Mesohippus_uas_larger_and_uith iffepent

foot and tooth structure -- yvet they are_clearly_distinet—syeci 3 aluuc;

one, Eohippus, lived 10, 000 years before ‘the other, \EB; Degree of

Complexity in this example 1s considered high due to the sharing of

. many attributes for each instance. There is a greater opportunity for

shared attributes among instances at higher levels of abstraction since’

-

more attributes are subsumed by‘each instance vithin these higher levels.’

6




inmlength.is representative of greater and greater Degrees of Complexity,

‘e
= .
.

In Figure 1, as one progresses from a lower level to a higher

N ) .

" level, the lines transiting each order increase in length: Thé increase

~or greater and greater'overlap or sharing of attributes. In Figure l . -

P

r

vthe Dvgnee of Complexity increases at all levels, from left to b&ght. '

As the number of shared attributes increases (increased complexity), the_-l

degrPe of discrimination required to detect the individual attributes

within a level becomes more acute, hence expla1ning the‘increased complexity.
Y

Although each 0rder of Abstraction demands different cognitive

strategies in constructing representations, these Orders are not: mutually exclusive.

The three 0rders ¢an be thought of as existing in a hierarchy as exemplified
‘in Figu“re'l.u The 0rderiof Qperations, as represented by Figure 1, can be y

thought.of as.dominating, while at the same time, dependingiupon its ‘two

lower subsidiaries& i.e., . (1) the.Order of- Relations—and-f%)‘the Order 6f ~~ T
Classifications, f%r its existence. . This means operations cannot be

o .

performed“until'relational statements have been set forth,-and relational
!

0

statements cannot be set forth unti1 uni ts have been identified or “classi~

¢
fied.. Ihus, the 0rder of Classification 1s pr1mary to the two higher

0rders of Relations and Operations. This .dependency of- 0rders is indicated

’

in Figure 1, by lines connect1ng the base of each Order to its. immediate

predecessor. The spatial position of each'Order, namely, Rela;_gns_higher_______—_—

than Classifications, Operatiogs higher than Relatigns,_:ts_.se_,f’rw'f'h in

"}from Classifications to Operations. Each 0rder is represented by a

“inclusiNe'conceptsfas'one-progresses toward the base. Taken’together,

this manner to ind1cate greater cognitive complex1ty as one progresses
V\~ .

]

,cone, containing a series of - levels. The shape of a cone is such that

'at the top, broad generalized concepts are represented which suBSume,less'

a
3



these three Orders are fundamental to.a body ®f knowledge = since they
. . ‘ . . ". :
represent various cognitive strategies used to represent particular -
S - N\ ‘
experiences with either immediate sense data or the symbolic nepresentations,

which make - up a’ body of knowledge.

The o‘rﬁ’ei— of Classification . S S ] R .

The hierarchy begins with the Ordef of élassification. ThiesAf"

1

Oxder begins, as presented in Figure 1, with immediate sense data. The"

.Ordér of Classification concerns itself primarily with object to class

identification. (A detailed elaboration of this Order will be_presented -

°

later in the discussion since "this Order has been selected as the main

oL focus'ofythe gtudy. ) .Once objects or classes have been identified, ‘
relational statements about them can be made, hence the next 0rder, N
‘;"WV““”"ReIations:" et Lo : : s

Y, v e——

The Order of Relations

The Order of Relations,'as a hierarchy, begins with simple

-

-

relational statements concerning attributes and progresses upward to

complex statements concerning relations of relations. The Order of

Relations, as indicated by Figure 1, is- dependent upon Order of C‘essifi-
| . L
cation, and is connected to it by a line. .This dependency illuminates ‘ -

/ Co
several important criteria about ‘the Order of Relatwgnsl__Ihe_dependencyr*—~——“*‘”’“—

indicates that relations are not concrete, they are not'found oirectly

4

in sense:data; they arise out-of,it. Immediateksensory experience

does not.contain ready-formed entities called "less than," "same-as,"

"equivalent to,“ "brighter than,"detc. For any of these relational situ-

ations to exist there must be units (i e., attributes, objects, classes),
» identified prior to‘being related. Before_a predator-prey relationship

can befset forth, one must be capable of identifying'predator and prey.

. i 5 .
>
&,




. . s . The brder of Relntions, as indicated by Figure 1, is a hierarchy )
.- . .
. of various levels of abstraction. 'The loWer levels indicate.simple relational
. L NI ; L, . o ' o e
?jﬂstétements, such as =A, a reldtional statement involving only one element. Y

1
[

: %_ This statement wou be equivalent to saying, "I am as tall as myself,"
".. . / ° . .

an obvious and simple tautological relation. ﬂHoWever,'as one progresses °
to higher levels of abstraction in the hierarchy, relational statements

?

beeome.more complex. For example. A=B or B>C here more than one element.

. 'J“F;w is being related. . At still higher levels, A=B=C therefore A=C, the com~ ~.
ST g 1 R
plexity increases with an increase in elements té be related In still .

- [

higher levels of abstractions, complex statements of relations can be set

forth by*increasing the number of elements to be related A—B-C—D...,
9 | | -

H'=4 while at the same«time using different varieties of relatio.'

———“———”f§“1T?EfSymmetry-aqymmetfy, transitive-intransitiVe, reflexive-irreflexive)

in conjunction with 'a number of-elements, Relational statements at this
level would be exceedingly complex. Once units have been classified and/or;

relational statements have been set forth, it is then possible, to perform
operations on these units and/or relatioms.

- o ' ’ . . . ‘ . ‘ | ’ ' " \
The Order of Operations v RN . L - s

The 0rder of Operations, by definition, includes transformations,

. - / . PR
which—is—a*cognitlve process of chan in -f ing—into‘anothEr‘thingi—-—f—_————_———_

As shown in Figure-l, it is the highest Order in the hierarchy and thus

. i . ,u/ : : . ' v o '
dominates it since it 1s” possible to pérform operations by using instances
\ ) - . i e N cor N
- C e / . . o 2 -
.. from the Order of Rel?tions and/or the Order of Classification. While = .
'~ - . ‘. . i - N B , - : - )
N SR SRR L . . _
o dbtlnaﬁing the hierarchy, its existence is totally dependent upon the
K . - "l . |

subordinateborders. To perform an operation, oné must haVe something,

{"

a unit or relation, to operate on.: As,with ‘the other Ordérs, the Order




. of Operations is a hierarchy which begins with simpPe ohe—step operations . 3

e \hd progres3es upward to’ ever more inclusive operations ofdshbSuming

‘ operations: The recognition;of going from a one-dimensional measure to = y

' . * . -
a . . - .

a two-dimehsional measure to a three-dimensicnal measure would be an o,

4 . ' ' N . . ¢
: \

instance of simple one-step operations to more complex, subsuming

]

’ . operations.} ' i ‘ . \ . Q’_" v - .
: T . “  The Order of Classificwtion igﬁﬁy] ) o
\ m q —. S l_. . f’“‘ e :
St o k : N ' S _
™~ o A detailed descripriﬁn of the 0rder oggclassification is &

Presented here since it was the oogect of’ investigation in this study

#.t o AS™T stated previously, the Order of! Classificatiqn is a hierarchy_con-

v . B

v"' B

sisting of broad inclusive concepts at’ the topa subsdming less inclusive

'concepts at lower levels. The lowest levels of the Order of Glass1fi—

.‘.v

™

cation are concerned with representations of immediate sensory data at ‘the
. .
attribute level while higher levels contain class~categories or concepts

N

built upon attributes assimilated 1n lOWer'levels. At sti]l higher lvVels

R -} e m——

are concepts subsuming lower-level concepts. _The loWeSt,levels of the T

.o -
-

Order of Classification contain attrihute"identrfication and;EEEEEEEEigﬂl_,;“»~——-%T‘

.

-1\‘\

-,—‘_—_—__‘__—___—_‘___—-———«"-_-L
___hile_at_highef—levels—are—EIasgest_or classes of classes. Figure 2

e et
—

presents a schematic v1ew of the various structural features in the

-]

" Order of Classification. R s

- B The cone has been selected to representxthe hierafchy becauseff
i ® @ - . r,'. R kN .’

the notion of  greater inclusiveness can be conveniently shown by such a

B - . {_ 1

3 s
struéturer At the top of the cone are the:most abstract concepts, subsuming

less abstract and less inclusive concepts and becoming even less inclusive

as-one progresSes toward the base. In Figure 2, the Grder of Classiiication
- " — Al o u)

displays sik Levels of Abstraction. They .are: AttributeEIdentlfic tion, i

v o DA

ERIC © 0 - - o e

Aruitoxt provided by Eic:
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*JDisjunctive- P Conjunctive. . o e
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' Level VI =\ R : ____4 Class of Recognition- '
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<
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. 4. LeveliV -. | . = ~ .* Class of Classes Recog-- *
’ g . ' . ,"nition (One class) ‘
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Attribute Recognition, iject Recognition, Class Recogn&tion, 'Clags of o

Classes Recognition (one class), and Class of Classes Recognition (two

classes) CIp this study, the first six levels have been selected sinCe

- ey

they can. be assessed in a study of this size and, moreover, they are

. : .

dsaential to:the acquisition of higher levels of abstraction. An
Vel . v

' individual incapable of performingﬁsuccessfully atrthe'first three .
levels in’this Order would noét be exnected to perform successfully at

:higher levels. The .six levels bill be'defined“asffollows: o,

o . °

Level I - Attribute.I&entification - o Q\

ey 1N : C N

Lo . no .
<, e N
. . Rl . . .

C oy . : e
/ , . . ' o S Y

In the Order of Cla551f1cation, Level I prov1des loc1 for attribute 1dent1-A

- R

' ficatlon. Dlscrimlnatlon of sense data begins at Level I.a At this level,
. . . .

. Zhe env1ronment is percelved by the 1ndmv1dual to be con51st1ng of discrete.’

e

‘Ettrlbutes (dlfferent shapes, SlZeS, colprs tastes, etcc). Whlle attrl—

(,

\

butes are dlscri?inated at thls level they are not verbally labeled As

T en exampl e "a ch11d may be shogh a hamher and a na11 then he may su.cess- o

)

fully f1nd these obJects in a chest of tools w1thout verbally labeling
e1ther object's name or attrlbutes. The ch11d need not verballze the
ttributes ‘to sucCessfully make. the selection and thus thls example demon-

) surates that object>and attrlbute 1dent1f1cation can proceed 1ndependently

[N - ) \; L.

©of labéllng. Since attribute 1dent1f1catlon/1s SO, fundamental to human

*abstract thinklng, Level I is the most basic and: lowest level of

i i . .

abstractgon in the Order of Cla551f1catlon.

. s . a
. . - .
. Lo | . ) . s : L Do .
o X * R ) A . . .
. . . . w ‘. . ce L. b
. . . 4% P _ - .
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Ievel IT - Attribute Recognition - B .

This 1s thealevel whe:e an individual 1s\hot only aware of dis-

;V C: 1nable features of an eVent but is capable £ Verbally.recognizins

a discrete attribute. A child is displaying a- Le{el 1T abstraction,when

L " he is _capable of verbally 1dent1fy1ng all. red marlbes from a Jar of dif-
SV i .2
© ferent colored marbles. Such a discrimlnation 1nelcates that he is aware

a 1'of differences, at Level I -as discrete units 1n h1s env1ronment and, \
’ o moreover »can correctly ass1gn verbal labels to these perceived charac- \\

\v

teristics. The dlStlngUlShIng feature at this level is the cognitive
capability of correctly matching symbolic representations to the appro-

priate attribute(s) "As indicdated in Fizur%.”. Level IT subsumes LeVel T

. . . - ‘ . . .
}'f Level IIT - Object Recognition :
L This refers to that level where an individual groups several specific

attributes togeuher and constructs an object name- to stand in place of these

e
- /-— .

attributes. Ihe name of the ébject subsumes the specific attributes which

i f_lreﬁe; to the object. It is at this level where clear economy of thought

begins. An object that is classified as an,apple must. be round, derived

from a. particular tree, of a particular color, cellular in structure, and
e .

so forth : A chemist need only See a symbol Cu (chper) to be able to call

-

forth a number of highly speciric attributes which -are represented by it.
o Objects and eﬁYnts.are categorized on the basis of their-attributes'or
characteristi TlO]. Clearly, only until the lower levels are mastered

\ can an individual manipulate abstractions at this higher level.




_______amount—of—rntellectual capac1ty needed to attain this level of abstraction '

- 13-

Level IV - Class Recognition

Classes can be somewhat operaLionally defined as recognized
sets of items of information grouped by v1rtue of their ‘nmmon properties
[ll]. Class recognition, even more than object recognition, 'reduces the ©
1

complexity of the environment and thus represents even greater economy of

thought [12] LY Atmthis level,»anrindividual can dispense with;specific

names and deal with generaliZed.representations.of specific names. -The = - -

class,” rodents, which not only refers to rats but also to squirrels,’
chipmunks, rabbits, and beavers, provides a case in point. Abstractions_

at this level are more difficult to attain‘than lower-level categoriesf

- . - . '
i

. \ . - )
because the amount of generality is much greater than in these lower .levels;

thus, more information must be synthesized to recognir_ these hlgher level

categories. ' In Figq;e 2, this 1ncreasing generality is portrayed by an

expanding cone.

L)

‘Level V . Class of Classes Recognition

This level conslsts of classes wlth similar attrlbutes which can-

'

be grouped together to form a class of. classes. The term Hom1n01ds :
' subsumes the lower groups of Hominids (man—llke) -and Pongids (ape—llke)

.,”he term Hom1n01ds is more 1nclus1ve than elther Hominids or'Pongids s1nce

7

it includes all attributes from these two categorles. Again, there is a

dreduction of complexlty of the environment by cuch abstractions, but the

-

is cons1derable due to the ever-1ncreasing generallty of classes.' "

-4



Level VI - Classes of Classes Recognition
This level constitutes the highest level of abstraction to P® gea1t
with in this study.— Level VI refers to extremely broad generalized Cte-

gories which demonstrate powerful subsumptivity. An example of sub§ump_
‘tion,in Levél VI is presented using the same concepts as in Level v. The |

i 7.

_ ) : . o o .. i
class mammal subsumes. all living animals with mammary glands and that i
o , !

|

emong other things have a hackbone and a foﬁrechaMbered heart. Mamm&ls
therefore subsume Anthropoids of Level V. The inciuSiv.ity of attribuy .

objects at this level is irmense. 'Hence, a commensurahe increase i
— '

« (2%

1nte11ectual capacity to achieve abstractions at this level. In flgubeg

s

Level VI subsumes all -previous levelsqu abstractionsﬁin the Order O

{

3 ¢

Classifieation.

Degrees of Complexity

. ., The existence of levels of abstraction.does not take into

¢

account the overlap of attributes from instance to instance in Level III

. and above? (Level III is the level where- att;ibutes begin tg be 8T °“ped 7
At‘these-nbper.levels of abstractioﬁ, there exists-:various degree® °$ K

. perceptual differentlation that an 1ndividua1 must bring to pear in Qrde?
to discriminate among instances. This differentiation acuity has bth

referred to as Deg#ees of Comglexity. ‘The~degree ofccomplexitY is the

-

. amount of perceptual, differentiatior that one~must use in order to

correctly .discriminate instances of an object or class from anothef °

: . Y
. instance of the same object class. The degree of complexity is relat&d

S

. to the amount of attributes that the particular objects/elaéses hold in
o ’ - .

15
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of the cone. . ' . . . ° . . |

common. The moare shared attributes, the greater the complexity.
¢
In Figure 2, the Degree of Complex1ty is indicated by the length

of the solid lines transiting the cone. As the level of abstraction in-

creases, the Degréé of~Complexity 1ncreases also.ﬂwThis_is dueﬁsimply to

an increase in the amount of attrib1tes ava11able to be shared at these o

high levels of abstraction.' However, “from Level III upward any particular

“

level may have instances which either share one ‘or many attributes. To

‘account for the sharing of attributes at any particular level the Uegree

-

‘of. Complexity will be defined as increasing from the left to the right at

,any level. In Figure 2, the -left side of -the cone, in’ all 1Pvels, repre-

.

sents disjunctivity, or instances,(objects/classes)-whlch share only one

attribute. For example, discriminating the object, orange, fiom two objects, .

an orange and a black—colored ballpoi:: :-a. Here the only clearly.appre— .

(4 .

- hensible attribute shared is solidness- therefore, the amount of penceptual

difxerentiation needed to make the discrimination is slight due to the

sharing of'only one attribute. Such an instance would be located on the

extreme left side of the cone.

As one progresses across a level from the extreme left (dis— . -

-

junctive side) to the extreme right (coniunctive side), the amount of

shared attributes increases, Instances which ‘share two or more attributes

B
are ‘referred to as. conjunctive thus in Figure 2, conjunctiV1ty 1ncreases

" to the right. Objeuts/classes which share large numbers of attributes
a3

" such as Homirids and Pongids (men and apes), would be located on the far
! ~

right side of the cone. 'These 1nstances would require s1gn1ficantly more

discrimination acuity than those instances located on the far left side



. o o METHODOLOGY ' . o
g _ : . ’ i
o . _ Subjects : . b .

S .
TTTTTTTTTT O he study was based on a sample of 1h9 subjects d1v1ded into five BEEEE

groups. The” sample parameters used for the study are dlsplayed in Table :

1. The mentally retarded group,'con51st}ng of 37 subjects, was randomly_

selected from special education ¢lasses in an urban New Jersey school

district. The four remaining groups consisﬁ‘qf normal eubjectsﬁselected
- from New York Clty and New Jersey schools. Twe ef:these four groups were
°e1ected from prlvate school populatlons and the remalnlngntwo groups
E were selected'from pub;lc schools.' The two groups selected from the New
York Cipf‘and New Jersey public schools con51st of 32 normal snbjeets.whosef":_-
': chronological aée was equivalent to the mean mental age of the mentallyh
retarded group and 33 normal . subjects whose chronologlcal age was equiva-=
lént to the mean chron010g1cal age of the mentally retarded group The
two prlvate school grdups consist of approxlmate mental age ;nd chrono-
loglcal age equlvalents. .Since I.Q. 1nformat10n was 1nacce551ble in the “" .
New York City schools, normai subjects were eensidered.to'be,any students
reading on or near grade level, In»one private‘schpol ;here the normal

Ll

mental age equivalentnsubjeets were drawn,rno reading scores.or I1.Q. infor-

‘mation was availables subjeqﬁs‘werentﬁerefore selected as average by c

teacher evaluation of their classroom performance. Any subjects with = A

- e

.lengunge preblems qr_vision problems ﬁere eliminated from the study. J'

§ . - . . : .
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Testing Procedire f_ B T ,."LM’A

All subiects were 1nd1v1dually taught a- f1rst order h1erarchy

3

Thls”hlerarchy, based on the” theoretlcar model presented. above,

_consisted of a series of tests representlng each level of abstraction in

o

the Ordet of Classification.. ‘As the level of abstractiogrincreases, from

T

"Level I to Level VI, there is azcommensurate_increase in generaiity and

Once the examples have been presented, the box and its contegte were

v

inclusiveness and thus an increase in the degree of difficulty for each
. N / )

9
°

test. ' :

-

Each-test_consists.of“tV soxes. The contents of the-first box';_

&

presented to the Ss contained two exemples of the instance to be taught.

P 3

removed and the second box was presented."The second box contained two
. . .

RS 2 PO

examples. of the instance taught plus Ebuf distractors. The subjects were -

asked to selec}t examples of the 1nstance _taught to theml Since the con-

tents of the second box were used to assess the 5's ability to acquire the-

abstraction taught to him, no'verbalﬁéues ﬁere~giveﬁ. All teste,for the

Q

six levels of abstraction in the_drder;og Classification vere constructed

and presented in this manner. ~

for success. Successful cerpletion for all tests.occurred uhen the sub=

v . "

-

e . B . N -

) . o o . .
The criterion’level of achievement was successful completion of the
task within two trials. _Upoﬁ successfui completion of Level I, the sub-

Ject was taught Level II, in the same manner and with the same criterion

- . . :
Ject identified both instances correctly Unsuccessful completlon of the

- .u

test occurred when the subject (a) failed to 1dent1£y either «ipstance -

l\

1Probab111ty of a chance comblnatlon of two correct 1nstances on
each trial is 1/6 x.1/6 = 1/36. :



" the correct group. .- ; -

ifuntil the ‘Level VI test terminated the testing sequence.

- By testingﬂto'the l.ighest level, it was possible to detect whether sub-

" Object ‘Recognition; Level Iv; Class Recognition;’Level vy Class of _'

" and luster ) When subjects received the Level II test box they were .

2 - A . T - 19_ ] g . . L. ] .

correctly, b) only 1dent1f1ed one instance correctly, or (c) 1dent1f1ed

both 1nstances correctly but placed one .or more 1ncorrect 1nstances 1n :

WU : .
- -+ LY

The presentation sequence and the. succes’s criterion continued L

o -
K

If a subject failed to achieve a particular level within two

5trials;‘tﬁe testing sequence was still cpntinued_toﬂtbe'highest level.

-jects'can,‘by some cognitive pchess that was.not predicted in the ration-

ale of this study, go to a highexr level after failing a lower one. It is

anticipated that, 1f the hierarchy is properly orcanized most subjects

. -

will not b; ableftolgchieme a higher level after_failing a lower one.

T -

The six levels tested 'in the Order,offC1assification were: . Level:

1, Attribute Identification;_ﬁevel II,Fﬁttribute Recognition- Level III,

T

Classes'Recognition, subsuming one class; Tevel. VI, Class of Classes

Recognition, subsum!gg two classes. In Level I, two objects, galena and
pyrite, were presented'to the subjects. The Ss were asked to identify:ﬂ

S

these two instances from a cluster of six similar but non-identical

objects. Thefidentification was blsed on the attributes of“the objects

,and the selection required no verbaliZation} At Level II two attributes

M . v ~

of each of the two objects were described for the subject (1 e., color

expected to select from its contents the appropriate 1nstances and ver-

- bally identify the attributes taught to them. In Level III the specific o

name of the obJects was stated, for exemple,_galena and pyrite. ’Again .

';The terms iron and lead were used in the study.

e




the subJects were expected to select and state the appropriate instance.

In Level IV, two classes of objects were presented metallic and non=

‘metallic. A separate test'was vén for each class. In Level V, two

s . ‘more-inclus1ve classes were presented minerals which subsumed metallic_.«~—~

and non—metallic and life products. In Level VI minerals and life

: products were subsumed by the concept Natural phenomena. Figure3 dlS—:_ T

plays how the six test categories are hierarchically arranged according
e
to levels of abstraction. o A . 4

Data Analysis

A record for each student was keptashowing the maximan level of

fms”

abstraction achieved and tﬁe number of trialSetaken to reach criterion
8¢ eachmlevel. A summary graph tor-each-of“the'five groups was con—i‘

structed’ The ordinate of this graph represents the cumulative number

¢

- of trials to criterion for all subJects. The abscissa represents the

X
¢ ~ . ~b .

2
Ak

_ leyels‘df abstraction achieved;‘thus,'a'cumulative record of.trials to'
eriterion was.obtained. The mean level achieved for each'group4was sta-.

ti tically analyz=d A -one-way analysis of variance was ‘used to deter-_
\ N ) l
mi\‘ if there was a statistically s1gn1ficant difference among the means ‘

U

of the groups. A confidence level of'pi.os was.used. The average levels.
' SR ' ’ : v : - :

achieved for each group were compared by using the,Scheffé€ contrast

formula (p<.05) and heir relétionships set forth as presented in the

results section.

-
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Results™ . - N e

e . SR N «

S I ————

The ‘maximum 1eve1 _that a, subgect“coulcgachieve was—ﬁ——th—_Higﬁesf“_

1eve1 in therabstraction\hierarchy. To reach Level 6, the subject had to

pass eight subtests which comprise the Ordex- of Classification Natural

Things Test. The average test score and the average _ievel achieved for -

each group was computed and isc set forth in Table‘2. -As iobserved in this

table, Group 1, mentally retarded Ss, “achieved the lowest 1eve1 2. 96 of

\

‘all groups._ Group 2 “the mental age equivalents of Group 1, achieved the

o

next to the lowest 1eve1 3 #5, among a11 groups. The remaining Groups

¢

t Ld

3, 4,.and S achieVed consistently ‘higher 1eve1s than either _Group 1 or

.8

Group 2 Group 3 the chronological age equiValents to Group\ mwhile

/-t‘/

. achieving substantially higher than Groups 1 and 2 achieved slightly less

. _ ica11y advantaged group compared to subjects from the public school

7 kN
than Group 4 and Group 5. Howevér, the difference is not significant and
could be attr1buted to the fact that Groups 4 and 5 com€ from a New York

> . # ~d

City private school population and _thus constitute a socially and econom~

m s

For. the average highest test score per group (i e., the. highe

test passed), Group 1 again scored lowest of a11 groups, with Group 2 7“*5

‘again being next to thenlowest.: uroups 4 and 5 once again\scored very

high, in‘both'cases almost reaching the highest possible criterion score.-

. Analysis 6f'Variance of Average Level-Achieved

=
SR

¢, o "

| a11 groups was computed (p< 05) The results of the ANOVA, given in

-. Table 3, show there is a_significant\differepce;amonguthe‘groupswat p<.05;p

A one-way analysis of variance of" the average level" achieved among:
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‘Table 2

R
o ah
. i
k)
’.
’,/.
Fe
-~ 1
—

Average Level Achieved Per Group

Average Level®

Achieved

1))

AvéfagevTest i

Score Achieved

SbD

Group 5

Group 1

. .Group 3

. Group U

. Group 2:

4

2.96

3.75
S.Qé

' 5.67

| 5.62

1.05

1.01

1.4

9 3;78,f
h.96

Tu03

7.50
T-65

1.51

‘_1.51

——1.18

"1.0L

T2

37 .

32

33 .

18

. S R o 19
T ’ : ! - ) L o : L . o
Group 1 = Mbntally retarded . . . ° SR
Group 2 - Mental age equivalent of average scholastlc ablllty
. (Public.school) _
. .~ Group 3 = Chronolog;cal age eqplvalent (Pwnllc school) -
: : " Group,h~= Mental age equivalent of average scholastlc ablllty e
- - (Private school)
Group 5 = Chronologlcal age equlvalent (Prlvate school)
- ’ .‘. . ) ' * R . .’_. . - .\’_' 1
- t ' T .- ©
LT ‘.)’__. \‘ 1
: “ AN
S ; :
. g o : J 
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: A " Table 3 :
o Ana.lys1s~ of Varlance of ’the *Avsrage Level Ach:.eved for All Groups - o
- s : . : '
) . Sum of Squares _ ., Degrees of Freedom - Méén‘Sqﬁare
' : v ) - ’,';F- ) LT N T
' Between 178.0461 -/ " by.5115
Within - . 150.5983 ¥ 1 1.0458 -
L L '-G" . ’: - . ) _ 4
~Total - 328.644L - 18 |
F& 42,5613 - F(h,14h) ,0=.05=2.44 .
& ” , -
5 |
. . - Tableh o CL
Results of Scheffé Contrast Among Sa.mple Means .
. ) P_<_-05 E /l. . )
.. ‘9 . : L. * : - . ' ’ :
-( " ) Y . : -. B . . 3 -,‘i .
Contrast Groups - Upper Lun}t ' - Lower Limit |
) . : ) . o .
’ 1-2 L - ..0328% 1=1.57535'
. 1-3 =lJ3497 0 . -2.8796 , °

-1.8026 - .
-1.882

2-4 . -tk

~3.6389 . -
RN
. -2J8579




r S .
. - 7
0 N " o

.o

) all contrasts. The significant difference~between Group 1 and Group 2

| different school populationq khe former urban and public and the latter '

. e

~The minimnm number of cumulative trials to

‘ expected that Group 1, the mentally retarded group, would experience the o

SR R o -

S F
. ° .# :
Groups 2, 3, 4, and 5 were/éontrasted with Group 1 and Group 2 w1th L S

-Group 4 "using the Scheffe formula (p— 05)-. The results are. given in

't s ;Av\.'

7Table 4 Group 1's performance was signiﬁicantly d1fferent (p< 05) for

e

|
is particularly interesting in-lightiof__he fact that both samples are S '

| v -

,drawn from urban public schools and are equivalent in mental age. The

e
R R R

_Significant difference between Group 2 .and Group 4 is also noteworthy fpa-

in that both-groups are osté/Fibly mental age equivalents coming from

o,

' 1 o . -#m—f‘ i C T
urban and private. T e : - w; :
b . ) ) . 4 \ A"‘. 4 ’.‘ . . ./ R . -.-,\J- .
< ;? Average Cumulative Trrals to Criterion o ’

. L - »,_\\ - | ~..
) . c. . -
S

The six level Natural Things Test is Composquof eight subtests.
,.(

¢

vmeaéh Level 6 is eight (when

e '\.

{

. criterion is achieved in oné trial for each of the eight subtests) and :'.;f Y

- . . o

the maximum number is s1xteen (two trials required‘to reach criterion on S ~wp

\_- 2 * B
: |

each subtest) Since all eight tests were- administered to each subjeot,-

the average cumulative number of trials taken’ by each group for all‘eight

i i T R

AT . Tm—— e

. tests provides evidence as to the amount of diificulty each group was :i-"; -

experiencing with the Natural Things Test.;\Theqaverage cumulative trials

for al& eight tests was tabulated and is set foryé’in Table 5. ‘It was f

‘ - w

greatest cognitive strain, especiallv on the upper 1evels (4, 5, and 6)

T 3

o ‘on the Natural Things Test. Evidence 1of cogn1tive strain for this group

.\ . . . :_ A [

.

1Since no I Q data were available for Group 4.1t need. not be
assumed these Ss were of equal M.A, These Ss:were réngted by “their
teacher to be achieving at grade level or] slightly below it as compared
 tovtheir peers -inithe same class. This 1s the extént of our knowledge¢ K
o abput schOlastic ability for this group.A . : S : A
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. Table 5

: Average'Cbmulativé.Trials-tO'Criteriqn Per .Group

Level

. . 3 ;
Testf\ - Group 1 -

Group 2

-_Groﬁp'S

‘Group 5

Group 5 :

13.03 "

°

1:30 .

© 2.60

k.00.

539
. 7.35

. euh

1114

1.13.
2.25

3.35

T h.81 .

6.56

 8.38
{

10.21

‘fliﬂoé

1.09

2.2h

3.33

b5k

6ol

7.81

'9.18 *

10.72 °

2,27
3.33
k.55

5.9% .
. 7.16

8 17

10 00

1,22

©1.03

2.1#_

. 3.24 |

-h.hS
5.97
7l3}
8.1  :

10.03

N=37-

N=32

" =18,

N=29.

Group, 1

"Group 2-

Group 3
Group U

© Group 5

i wn “ll ]

Mentally retarded
Mental age equlvalent (Publlc School) -

Chronologlcal "age equivalent (Public - School)

Mental age equivalent (Private School) .
Chronologlcal age gqulvalent (Prlvate School .

- 27
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-

is,a greater number of trials at all levels when compared to thg_regaining________

P

o

.

groups. Group 2, the mental age equ1valents of Group 1, also appear to be

experienclng difficulty with the-test, especially Levels 4, 5, gnd-6.

'Groups 3, .4, and Sfprogress through the lower levels without much difficulty,
but as can be seen in Table 5, Levels 5 and 6 apparently were d1ff1cult for-
some subJects in these’ groups.' The data displayed in Table 5, whlle providing s

ev1dence of the amount of d1ff1cultv Ss experience with thehhtural Thlngs Test,
\

.do not directly_supportithe wvalidity of -the hierarchy. If the hierarchy in
"the Natural Things Test is.valid, Ss failing loy—level.tests-should continue

to fail upper-~level tests. In Figureva a graph has been consiructed showing

I3

the\average'cumulative trials to criterion for each group and thv'number of
- v

. Subjects who successfully completed each level but falled higher levels.
¥

Group 1 1is taLen as an example, at Level 3, 30 Ss (N—37) achieved that level .

but failed the higher levels. However, progressing to Level 4, the next

highest ‘level, all buththree Ss have failed. to ach1eve this level and the

-

>

subsequent two'higher levels. Of the 37 Ss in Group 1 taki\g the Natural "

N .

Things Test, only two su"ceeded in achieving all six levels. Failure at a -

loW'level'and then subsequent failure on higher levels, as demonstrated by

o

'Groupil, provides further evidence<for.the validity of the subsumptive

organization of the 0rder of Classiflcatlon as presented in Figure 2 - and
Fi

-

“the hierarchical test of Natural Things.

- L 7
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o - Discussion i

- | . .

! = When the average level of abstraction acnieved bv Group 1 is
. \
'_'xcompared to. Group 2 (equivalent mental age normals), a sign1ficant differ—

i
|

-ence, p5.05, was observed. ?roup 2 attained\an average level of 3. 75 which

approximates\the first class 1eve1 -Level. 4 --in the Order of” Classificatimnffi

N T~ \
- The average test score for\Group 2 is also h1gher (4 96). Although one

,might expect to find similar 1f not. identical performance by mentally
retarded subjects and their equal mental - -age normal counterparts, this

° study showed that the equal mental age normal subJects performed better on
\ T~
the test of natural Lhings (p<. 05) Such a significant difference in level .

achieved between these two grOups suggests that the. mentally retarded
o \
individuals are'nOt merely retarded in mental development but exhlbit
\ .
different cognitive processes\than\the normal . mental ‘age equivalents. WLén-

: \
the level achieved by Group 1 is compared to that of the remaining Groups 3

-~

4 and S further evidence of the lTw ability of Group 1 is observed. Of

special interest in Groups 3, 4, and\S,is the performance ovaroup 4. This .

¥ i ~t

group achievedian almost perfect score, S.67.v‘

\

What is of interest here is hat this group,. whlle purportedly a

i o _
e /definitely_stated—that tﬁEEE‘EEEE'ccs Ere prec1se mental dge equivalents
/1‘ X - )
/to the mentally retarded subJects. Therefore, the difference mnperformance -

w/

N

) 1‘At this level and all subsequent levels the number of attributes to
be dealt with for each instance increases greatly therefore, to simplify
the task, verbal cues along with co1crete exemplars of the instances were
'presented. This -thod of assigning class names considerably simplifies
the task for the Ss as reported in prev1ous concept acquisition studies\tlS 14]

;v. o : .:‘. - ’. é f;. L\ i .._. } " | ‘ f. | )f

30
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 between the mentally retarded subjects and these "equal" mental _age normals

may be attributed to cultural'advantages. If this is the case, a. significant

— .

-;observation is raised aboutthe role of early, pre—school experience in
détermining performance on abstract learning tasks.’ Indeed ~many students

-who are determined to be mentally retarded may be merely soc1ally disad-

»

~vantaged due to lack of educational opportunities dur1ng early childhood.

yo oo et

Such‘an-ohservation.lends further credence to enriched learning experiences

in the early preschool years for otherwise culturally deprived'urban children; ‘
. d’ . R " «
It is worth noting that while Groups 3, 4, and 5 all were capable of I

'achieving high levels, no group had a perfect score. This indicates that at
'Level 6 thq highest level, all groups were exhibiting some d1fficulty. Since
- the test w:s“carefully constructed so that each subtest represents the pre-
.scribed characteristics as presented in the Order of Clas51f1cation hierarchy,
validity of the test would be supported if Ss failing lower levels also failed“
higher levels and Ss passing lower levels exhibited increasing difficulty in
reaching criterion on upper levels. ,Cléarly,'the valid1ty of ‘the test is
Supported in both these areas by (1) the low achievement in Group 1 and their

[

“ successive failure on upper levels and (2) the difficulty exhihited—by—Groups‘*“‘—'

°

_____,__AB,—A—-andrﬁ in acﬁiéGZEE’EZIEZ?ESE_;;—;;;—;;;;; levels of the test.
By observ1ng the average cumulative trials to criterion for each.
> group.it is possible to observe the amount of'cognitive strain each-group:
. experienced with the Natural Things Test. Since the Natural Things;lest o
. 1s organized in increasing difficulty,.it was expected that as Ss reach
the upper levels they would require more tr1als to criterion.than experi-

enced at lower'levels. This difficulty can be detected to a large degree

'by the average cumulative nunber of .trials each group, exhibited for each level
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(and hence its correspondingdtest),-and the total_cumulative trials to.
__criterion-forﬂtheutotalwtest,,”Evenwthough~most"subjects'in”Gfoup 1
failed at or near“the.third‘level in the hierarchy{‘they-were nonethe~
less presented the-highgr level.tests to determine their performance
capacity and their-cumulative trials to criteriOn; >$ince}they con~
. o ‘sistently failed_these upper—level tests each sub3ect_accumulated two
trials at each‘level. Therefore; their cumulative trials to'criterion
'score were. quite high corpared to the remalninggnnms whereperformancewas
not so debilitated ' These data once again exhibit the cognitive strain
endured by the mentally retarded subjects 1nlperforming higher abstractlon'
tasks. farticular attention'is once again directedfto a_comparisond
} between Groups 1 and 2. Clearly,'Qroup 2'performed betterlthan Group 1
. with respect to trials to criterion,'thus further indicating greater
facility in performing‘the task by the.edual mentalfage'normalfsubjects

and hence suggesting they are operating in a different cognitive mode

than the mentally'retarded subjects.

I —
_____ﬂ__,____,___i__——~———————“-‘“—"——'_—'Retest

-

Five weeks after the initial testing, ten subjects from Groug®l - .

were selected for retesting based on prior-test performance to yield a.
representative group of individuals who varied in leve1 achieved. The
retesting accomplished two objectives:' (1) it provided evidence of

' reliability and (2) served as an attempt to determine the cognit1ve
strategy the Ss ueed by having the Ss verbalize their reasons for select-
ing items in the test. The criterion for test reliability used here was
that retest performance be identical to or slightly below original test

performance and that Ss faillng at low levels of the test exhibit failure

»
L




- ——In-conclusion, if the

to Level 2. With one exceptibn ~~-a S going from Level 5 to-Levgl 6 - .

" levels. -The test is considered reliable since all but two Ss scored at or = =

-I32 - L _ ;

on all suécessively higher level tests in the hierarchy. With respect to =~

retest reliability for these ten Ss, six Ss achieved the exact same level;

* two Ss actually dropped from Level 3 to Level 2; two Ss achieved higher. -

levels, dne going frpm Level 5 to Levé1'6; the other going from Level 1 W

oS

all retested Ss_who.failéd'at low levels continued to fail at the upper

~ -

| ) =

. below .their original performance aﬁd'ali'bﬁt'bﬁébeﬁhibited consistently

low~-level perforﬁance;

[
. -

._ With respect to the retest gfoup's ability to verbalize, only one _
subject was capable of sefting forth reasons for selecting items in the
test, (Thisigubject,also achieved the highest level on the test and

retest.) Since the mentally retarded are widely recognized as being . o
unable to verbalize about their cognitive behavior,such results are
not unusual.-  , \\;/%ﬁi jﬁ_______;;__,,“—a;—ﬂ~i—-4——“’

éssuﬁgéﬁon of the hierarchical organization

2t : L ’
of abstraction was correct, then subjects who.fail to achieve a lower. . -

level in the test of natural things should alse fail successive higher

~ levels. Amsng.all groups'tested, 82.6 percent of the subjects met this

critérion.l The reméining subjects exhibited varying degrees of success

on higher-level categories after failiﬁg a lower one, but there was no

-clear pattern of outstanding performénce'on the very top levels of the

Among all groups tested, only 17.4 -percent did not meet this cri-
terion. Some of this anomalous behavior could be due to differences in

. perceptual set for subjects vis-3-vis the instructional presentation and

therefore they did not categorize as predicted in some tests. In particu-
1§r; since the highe: levels are more complex, these anomalous Ss may have
been attending to other than the specific attributes according to the

particular mental" set brought to the task.:

o

A
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- -test sequence after failing a lower “level, Therefore, substantial

.

evidence has been obtained to Support the assumption that the hierarchica14
- model- of abstraction is valid as a. predictor of human performance.. One

must. recognize however, that the test used is a mediating mechanism in .

Y

arriving at this conc1usion- a different form of the test (insofar as it
' has face validity) might~yie1dvdifferent'resuits. Since_the test was
carefuliy constructed to represent:each of the levels of the hierarChy,
as prescribed in the general model it can be concluded with fair con-
fidence that this admittedly limited tesT of the hierarchy has yielded
strong support for thevnodel. | .
.These results'support previous studies which{allude to the strong
dependence of.the mentally retardedachild on_concrete cuesi[ 15;15,15] and

suggest that the mentally retarded mav be incapable of organizing :
. - information into conceptual hierarchical arrays.  In addition; the i
e ) . _ L Lo
- results support the hierarchical model of abstraction and, in particular,

r B

.

the validity of the classification test.
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